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Aortic Stenosis and Rupture of Mitral Chordae Tendineae
MARC K. EFFRON, MD
Stanford, Calijornia
Ten patients with aortic stenosis and ruptured mitral
chordae tendineae constituted 8% of 125 consecutive
surgical cases of chordal rupture. Their ages ranged
from 54 to 87 years (mean 68). Six patients presented
with acute onset of congestive heart failure, and eight
were in New York Heart Associationfunctional class III
or IV at the time of cardiac catheterization. Extensive
mitral anulus calcification was observed by fluoroscopy
in seven patients. The mean aortic valve area index was
0.4 cm2/m2 and nine patients had moderate to severe
Rupture of the mitral chordae tendineae, first described by
Corvisart (1) in 1806, is now recognized as a common cause
of isolated mitral regurgitation. Chordal rupture was usually
attributed to rheumatic heart disease or infective endocar-
ditis in earlier case series (2-5). Rupture of the mitral chor-
dae without an identified cause, first noted by Frothingham
and Hass (6), has emerged as an important and often major
subgroup in more recent reports (7-14). Mitral valve pro-
lapse is a less frequently associated condition (15,16).
Aortic valve disease is not commonly associated with
rupture of the mitral chordae tendineae. Cases of combined
aortic regurgitation and chordal rupture have been described
(4,14,17,18), but aortic stenosis with mitral chordal rupture
has rarely been observed (11,14,18). This report describes
10 patients with aortic stenosis and mitral regurgitation due
to ruptured mitral chordae tendineae. In eight, there was no
intrinsic abnormality of the mitral apparatus known to pre-
dispose to chordal rupture.
Patients and Methods
Ten patients with the diagnoses of aortic stenosis and mitral
regurgitation with ruptured mitral chordae tendineae who under-
went valvular surgery at Stanford Medical Center during 1973
through 1982 were identified with the assistance of a computer-
based databank. Medical records were reviewed for presenting
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mitral regurgitation by angiography. Calcificaortic ste-
nosis affected a tricuspid valve in nine cases and a bi-
cuspid valve in one case. One patient had a rheumatic
mitral valve and one a redundant myxomatous mitral
valve; the remaining eight had no abnormality of the
mitral apparatus commonly regarded as predisposing to
chordal rupture. Mitral anulus calcification and ven-
tricular anatomic and hemodynamicalterations in aortic
stenosis may contribute to rupture of the mitral chordae
tendineae.
clinical features, physical findings, electrocardiographic and echo-
cardiographic findings, hemodynamic and angiographic data and
type of valvular operation. Preoperative congestive heart failure
was graded according to the New York Heart Association func-
tional classification. Intraoperative observations and the gross pa-
thology of excised cardiac valves were noted. Valves and chordae
tendmeae were examined for evidence of healed infective endo-
carditis, rheumatic changes or gross evidence of myxomatous de-
generation; histologic examination was not performed. Follow-up
information on functional status and survival was obtained from
the medical records and by communication with the patient or
primary physician.
Results
The 10 patients with aortic stenosis and ruptured mitral
chordae tendineae are part of a larger series of 1,908 con-
secutive patients who underwent aortic, mitral or combined
aortic and mitral valve replacement with porcine hetero-
grafts during the 10 year study period. Within this surgical
series, the 10 patients constitute 1.4% of 702 patients with
aortic stenosis, 7% of 141 patients with aortic stenosis and
mitral regurgitation of any origin and 8% of 125 patients
with ruptured mitral chordae tendineae.
Clinical characteristics (Table 1). There were five men
and five women ranging in age from 54 to 87 years (mean
68). No patients reported a history of rheumatic fever or
infective endocarditis. Six patients experienced the acute
onset of congestive heart failure. Of these six, one had an
initial episode of syncope and one presented with cardiac
arrest due to ventricular fibrillation. The other four patients
noted a more gradual progression of symptoms over a period
of 6 months to 3 years. At the time of preoperative cardiac
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Table 1. C linical , Hemodynamic and A n g iographic Fmdings in Patients With Aortic S teno si s and Ruptured Mitra l C hordae T endineae
Murmurs Pressures (mm Hg ) C ardiac Aort ic Valve Ejection
Angiographic
Ex ten siv e
Age (yr) C lini ca l NYHA (mten sity Inde x Area Index Fraction
Grade (0 to 4 )
Cor on ar y M itral Anu lus
Case & Sex Presen tati on C lass I to 6 ) ECG PA PAW LV ED (lite rs /nu n pe r rrr' ) (c m 2/m 2) (%) MR AR Arteriogram Calc ifica tio n
54M Acute II SEM 2; AF B; 15 20 18 2 .0 0 .4 34 4 I Normal Yes
dyspnea HSM 2 LV H
2 6 1M Ac ute III SE M 3; NSR ; 32 24 20 2 .2 0 .9 35 4 0 Normal Ye s
dy spnea HSM 3 LAA;
LVH
3 64F Acu te III SE M 3; NSR ; 14 25 12 1.9 0 .3 40 3 2 Normal Yes
dy spnea and HSM 4 L VH
chest pain
4 66M Exe rtiona l I SE M 3 NSR ; 23 23 20 1.9 0.4 25 2 - 3 vesse l No
ches t pai n LA A; CAD
for 61110 LVH
5 66M Exertional III SE M 4; NSR ; 13 13 14 3 .0 0 4 40 a 2 - Ye s
dy sp ne a DEC I LV H
for 3 yr
6 66M C ardi ac IV SEM 3; NSR ; 57 60 34 1.8 04 32 3 - 3 vesse l Yes
arrest HSM 4 LAA; CAD
LV H
7 67F Exertional III SE M 3; \0 AV B, 43 58 34 2 .0 0 .2 37 4 I Normal No
d yspnea HSM 3; RBBB
for 8 1110 DEC I
8 68F Sy ncope IV HSM 3 1° A VB; 56 44 32 I 3 0 4 33 4 - I vesse l No
LBBB CAD
9 78F Acu te IV SEM 3; NSR ; 17 26 14 26 0 .7 61 4 I 3 vesse l Yes
dy spnea HSM 4 LVH CAD
10 87F Exe rt iona l IV SE M 3, NSR ; 40 42 3 1 1.6 0 .2 - 3 I 1 vesse l Yes
dyspnea HSM 4 LV H CAD
fo r I yr
AFB = atnal fibn llanon; AR = aortic regurguauon: CAD = coronary artery disease. DEC = decrescendo diastolic murmur. / 0 AVB = first degree atnoventncu lar block. ECG =
electrocardiogram. HSM = holosystolrc murmur, LAA = lefl arna) abnormality. LBBB = left bundle branch block. LVEQ..= left vemncular end-drastohc , LVH = lelt ventricular hypertrophy:
MR = mitral regurgitauon. NSR = normal sinus rhythm. NYHA Class = New York Heart ASSOCiation functional class. PA = mean pulmonary artery. PAW = mean pulmonary artery wedge.
RBBB = right bundle branch block. SEM = systolic ejection murmur
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catheterization, 8 of 10 patients had moderate to severe
symptoms of heart failure (New York Heart Association
functional class III or IV) despite medical therapy . The
examining physicians distinguished two cardiac murmurs
suggestive of aortic stenosis and mitral regurgitation in seven
patients, and noted a single loud murmur in three patients.
Eight patients had electrocardiographic findings of left
ventricular hypertrophy and the other two patients had bun-
dle branch block. M-mode echocardiography was performed
in seven patients; it revealed normal-appearing mitral leaf-
lets in five patients, increased echoes of the anterior mitral
leaflet in one patient and flail leaflet motion in one patient.
All seven patients showed increased echoes of the aortic
valve leaflets consistent with fibrosis and calcification and
six patients met echocardiographic criteria for left ventric-
ular hypertrophy (left ventricular end-diastolic posterior wall
dimension greater than 1.3 em) .
Preoperative hemodynamic findings (Table 1). The
mean pulmonary artery pressure was greater than 30 mm
Hg in five patients, and the pulmonary artery wedge V wave
was greater than 40 mm Hg in four patients. Left ventricular
end-diastolic pressure was elevated in nine patients and greater
than 30 mm Hg in four. Nine of the 10patients had a reduced
cardiac index with a group mean value of 2.0 liters /min per
m", Left ventricular chamber dilation was observed by an-
giography in seven patients and was absent in three . An-
giographic ejection fraction , determined in nine patients,
averaged 37%.
The mean aortic valve area index was 0.4 cm'Im ' (range
0.2 to 0 .9) . Aortic valve calcification was observed by fluo-
roscopy in all patients. Supravalvular aortography was not
performed in three patients who lacked auscultatory evi-
dence of aortic regurgitation. Aortic regurgitation in the
remaining seven patients was either absent or mild (grade
114 or 2/4). Aortic stenosis was regarded as the predominant
hemodynamic lesion of the aortic valve in the 10 cases.
Seven patients hadfluoroscopic evidence ofmitral anulus
calcification . Mitral regurgitation was graded by angiog-
raphy as moderately severe or severe (grade 3/4 or 4/4) in
eight patients. Coronary arteriography was performed in
nine subjects and revealed coronary artery disease in five.
One patient (Case 4) had segmental dyskinesia on left ven-
triculography consistent with prior inferior myocardial
infarction.
One patient (Case 5) had a normal cardiac index and no
mitral regurgitation by angiography , but moderately severe
mitral regurgitation with ruptured chordae tendineae was
observed at the time of operation 5 days later. The chordal
rupture was presumed to have occurred during the interim
period .
Pathologic anatomy, surgical procedures and follow-
up data (Table 2). Ruptured chordae tendineae had de-
tached from the anterior mitralleatlet in six cases, from the
posterior leaflet in two cases and from both leaflets in one
case . The affected leaflet was not specified in one case.
Operative reports generally did not indicate which papillary
muscle was associated with the ruptured chordae or which
chordal division was affected. In one patient , fusion of the
mitral commissures and chordal thickening suggested prior
rheumatic valvulitis . The anterior mitral leaflet of one pa-
tient (Case I) with ruptured anterior chordae was highly
redundant and had the gross appearance of myxomatous
degeneration . The chordae in this patient were long and
attenuated. The mitral valve in the remaining eight patient s
displayed normal or slightly thickened leaflets and no ad-
ditional abnormalities of the chordae . Focal mitral leaflet
calcifications were present in five cases, most prominent at
the leaflet base. There was no evidence of active or healed
endocarditis. In the patient with an inferolateral ventricular
aneurysm (Case 4), the papillary muscles were not involved
and appeared normal. The excised or debrided aortic valves
were all noted to be heavily calcified and without commis-
sural fusion suggestive of rheumatic disease . Nine valves
were tricuspid and one was bicuspid.
Valve replacement operations were performed with Han-
cock heterograft bioprostheses. Seven patients had replace-
ment of both the aortic and mitral valves . Three patient s
had mitral valve replacement and aortic valvuloplasty. Con-
current aortocoronary bypass operations were performed in
four subjects, one of whom also had a left ventricular
aneurysmectomy.
There were no intraoperative deaths . Two patients died
of pulmonary complications during the early postoperative
period . Four patients died 2 months to 3 years after oper-
ation; two died suddenly, and two died of noncardiac causes .
Four patients are alive and asymptomatic 9 months to 6
years after surgical treatment.
Discussion
Incidence. The combination of aortic stenosis and mitral
regurgitation due to ruptured mitral chordae tendineae is a
rare occurrence . The present group of 10 patients is the
largest reported series of such cases and is identified within
the extensive valvular surgical series at this medical center.
These 10 patients constitute a small but significant propor-
tion of cardiac surgical patient s with combined aortic ste-
nosis and mitral regurgitation (7%) and patients with rup-
tured chordae tendineae (8%).
Four patients with calcific aortic stenosis were reported
in a series of 122 cases of ruptured mitral chordae tendineae
(14) . Two other patients with mixed aortic regurgitation and
stenosis were included in group case reports (11,18) . The
severity of aortic stenosis was not described in those cases .
In the current patient group, aortic stenosis was usually
moderate or severe and was considered the predominant
aortic valve lesion.
In contrast to the paucity of reported cases with combined
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Table 2. Pathologic Anatomy, Surgical Treatment and Survival Data in Patients With Aortic Stenosis and Ruptured Mitral
Chordae Tendineae
2 Postenor
3 Antenor
4 Anterior
5 Antenor
6 Both leaflets
7 Not specified
8 Antenor
Case
9
10
Mitral Leaflet
With Ruptured
Chordae
Anterior
Posterior
Anterior
Additional
Mitral Valve
Abnormalities
Redundant.
myxomatous
antenor leaflet:
elongated chordae
Slight thickening of
leaflets
Focal calcifications
at base of anterior
leaflet
Normal leaflets
Focal calcificanons
of antenor leaflet
Commissural fusion.
fibrosis of leaflets:
chordal thickening
Focal calcifications
of leaflets
Slight thrckenmg of
leaflets, focal
calcifications at
base of anterior
leaflet
Normal leaflets
Calcification at base
of anterior leaflet
Surgical
Treatment
MVR. AVR
MVR; aortic valvuloplasty
MVR: AVR
MVR. aortic valvuloplasty;
ventricular aneurysmectomy,
CABG
MVR: AVR
MVR; AVR, CABG
MVR, AVR
MVR: aortic valvuloplasty,
tncuspid valvuloplasty,
CABG
MVR: AVR: CABG
MVR. AVR: CABG
Status After
Operation
Asymtomatic at 4
yr
Asymptomatic until
sudden death at
3 yr
Asymptomatic at 9
mo
Asymptomatic until
noncardiac death
at 2 yr
Asymptomatic until
noncardiac death
at 4 yr
Postoperative
hospitahzanon
death
Asymptomatic at 6
yr
Asymptomatic until
sudden death at
2 mo
Postoperative
hospitalizanon
death
Asymptomanc at 5
yr
AVR ~ aortic valve replacement, CABG ~ aortocoronary bypas-, graiung, MVR ~ rrutral valve replacement
aortic stenosis and ruptured mitral chordae, several patients
with aortic regurgitation and mitral chordal rupture have
been described (4,14,17,18). Infective endocarditis or rheu-
matic valvulitis contributed to chordal rupture in some of
these cases, but most of the patients had no apparent pre-
disposing abnormality of the mitral apparatus,
Clinical and hemodynamic findings. The clinical char-
acteristics and catheterization results of our patients can be
compared with observations in patients with isolated mitral
chordal rupture. Their mean age of 68 years is greater than
that described for isolated rupture (4,12, 14). This corre-
sponds to the older age profile of patients with calcific aortic
stenosis. As with isolated rupture of the mitral chordae,
symptoms developed either acutely or showed a gradual
progression, and moderately severe or severe symptoms of
congestive heart failure (functional class 1I1 or IV) persisted
despite medical therapy, Although the systolic murmur of
isolated mitral chordal rupture is often loud or loudest at
the right upper sternal border, two murmurs were usually
distinguished in the patients with combined aortic stenosis
and chordal rupture, leading to suspicion of both hemo-
dynamic lesions. Although the left ventricular ejection frac-
tion is often normal with isolated chordal rupture (13), most
of our patients with combined lesions had a diminished
ejection fraction.
Causal factors. Conditions generally recognized as pre-
disposing to rupture of the mitral chordae tendineae were
present in 2 of these 10 patients. One patient had evidence
of antecedent rheumatic valvulitis and one had a redundant
myxomatous mitral valve. It is possible that subtle changes
of rheumatic or healed infective endocarditis could have
been missed in the other cases on pathologic examination.
Myocardial infarction not involving the papillary muscles
was present in one patient, but the role of ischemic disease
in chordal rupture is less certain (12).
Although a causal association of calcific aortic stenosis
with rupture of the mitral chordae is not demonstrated in this
patient group, potentially related factors can be considered.
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Extensive calcification of the mitral anulus, present in 7 of
these 10 patients, commonly accompanies aortic stenosis in
older patients (19,20). The aortic and mitral anuli are an-
atomically contiguous and may share in a localized patho-
logic or degenerative process (2 I). Calcification and fibrosis
may reduce the sphincter motion of the mitral anulus (22),
possibly altering the distribution and degree of stress on the
mitral apparatus. Calcification can also extend into the mitral
leaflet tissue.
Changes in ventricular anatomy concomitant with the
hypertrophic response to aortic stenosis may alter forces
on the mitral chordae tendineae. Postmortem examination
of ventricles with concentric hypertrophy shows tilting of
the mitral ring to a plane more nearly parallel to that of the
aortic ring and elongation of the anterior mitral leaflet and
subvalvular apparatus (23). Supervention of ventricular di-
lation due to cardiac failure or the presence of a regurgitant
lesion leads to a more spherical chamber shape (24) and
can further distort the normal relation between components
of the mitral apparatus. Moreover, the excessive intraven-
tricular pressure of aortic stenosis may contribute to chordal
rupture. The role of all of these factors, however, remains
speculative.
Clinical implications. Severe aortic stenosis and severe
mitral regurgitation in the absence of significant aortic re-
gurgitation or mitral stenosis are an uncommon combination
of hemodynamic lesions. No such cases were noted in a
consecutive series of 100 combined aortic and mitral valve
replacements (25). Obstruction of aortic outflow exacerbates
the degree of mitral regurgitation (26,27). Concurrently, the
presence of mitral regurgitation counters the advantages of
the augmented preload needed to sustain forward left ven-
tricular output in aortic stenosis. These combined pressure
and volume lesions can lead to particularly unfavorable con-
ditions of ventricular wall stress and cardiac work, most
likely contributing to the chamber dilation and diminished
ejection fraction observed in patients with these findings.
Despite the poor level of ventricular performance before
operation, symptomatic congestive heart failure did not per-
sist in these patients after surgical treatment. Their variable
postoperative survival may relate to advanced age, the pres-
ence of coronary artery disease and arrhythmias associated
with residual left ventricular dysfunction. As part of a sur-
gical series, these patients were selected as survivors of the
initial chordal rupture. Their degree of hemodynamic com-
promise and the presentation of one patient with ventricular
fibrillation suggest that rupture of mitral chordae tendineae
may also contribute to the incidence of sudden death in
patients with aortic stenosis.
I express my gratitude to Norman Shumway, MD, and his colleagues of
the Cardiovascular Surgery Department for providing descriptions of in-
traoperative findings, to Marta Gomez of the cardiac surgery data base and
to Blythe Effron for technical assistance
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